We study the observed B − → X(3823)K − decay via rescattering mechanism and show that this branching ratio is well reproduced by this mechanism. We further extend this theoretical framework to investigate the decays of 
I. INTRODUCTION
In the past decade, abundant charmonium and charmoniumlike states have been discovered. Some of them cannot fit into traditional quark model predictions and leave many puzzles. So it attracts great attention to explore their inner structure and interaction mechanism (see Refs. [1, 2] for a review). An important feature is that many XYZ or charmonium states strongly couple to open charmed mesons, and as a result, it leads to a quite interesting phenomenon in many processes, which is called a rescattering effect. For example, in a hadronic transition process of a charmonium, instead of gluon-emission, the charmonium can first decay into charmed and anti-charmed mesons, and these two mesons rescatter each other into a charmonium plus a light meson. Such a rescattering effect has been extensively studied by many authors (see Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] ). Their results indicate that rescattering effects can significantly change the line shapes of threebody decays and enhance the results of the Okubo-ZweigIizuka (OZI)-suppressed processes.
Another example is given in the situation that the rescattering effect is combined with non-leptonic B meson decays. As we will see later, such a rescattering effect even plays a dominant role. On the other hand, in a naive factorization approach which is normally adopted for non-leptonic processes, the amplitudes of some processes such as B − → χ c0 K − vanish (see Sec. II). In Ref. [12] , authors explained the large experimental branching fraction of the process B − → χ c0 K − applying the rescattering mechanism. Later, they also studied B − → h c K − process using the same mechanism and predicted its branching ratio [13] . In Ref. [14] , authors systematically studied rescattering effects on non-leptonic B meson decays and their impact on direct CP violations. Reference [15] studied process B 0 → η c K * using rescattering mechanism and reproduced the experimental data. We also notice that in an earlier time, authors in Refs. [16, 17] have already applied a rescattering mechanism to study non-leptonic D meson decays.
In [20, 21] . Secondly, since the mass of X(3823) is below any open charm threshold (DD channel is forbidden by parity conservation), the width is quite narrow as expected and as observed. X(3823) largely decays to χ c1 γ, which is the channel discovered in Belle and BE-SIII. Furthermore, the upper lmit of the ratio B(X(3823) → χ c2 γ)/B(X(3823) → χ c1 γ) was determined to be < 0.41 by Belle and < 0.42 by BESIII, which is consistent with theoretical predictions in Refs. [20] [21] [22] [23] . Therefore X(3823) is believed to be ψ 2 ( 3 D 2 ).
In Ref. [24] , authors studied the OZI-suppressed process X(3823) → Jψππ via a rescattering effect. Their calculation shows that since the mass of X(3823) is close to the DD * threshold, a rescattering effect can significantly change the line shape of the final ππ mass spectrum. In this work, we will focus on another aspect to investigate the resacttering effect on X(3823), i.e., the X(3823) production via a B meson decay. We will illustrate that the naive factorized amplitude of the process B − → X(3823)K − vanishes, and hence it provides us another good example to see how important the scattering effect is.
Besides X(3823), there are still missing two other D-wave low-lying charmonia, i.e., η c2 ( 1 D 2 ) with J PC = 2 −+ and ψ 2 ( 3 D 3 ) with J PC = 3 −− . Their predicted masses and decay properties are given in Refs. [20, 21] . The naive factorized amplitudes for the processes B − → η c2 K − and B − → ψ 2 K − vanish, for which we will also apply the rescattering mechanism. Their production rates in the B decay will be a valuable information for experiments.
This paper is organized as follows. After introduction, we study the decay process B − → X(3823)K − through the rescattering mechanism in Sec. II. In Sec. III, we make predictions of the production rates for the processes B − → η c2 K − and B − → ψ 2 K − . In the final Section, we give discussions and conclusion.
First we will show that the naive factorization approach (see Ref. [25] ) fails to describe our discussed processes. When studying B − → X(3823)K − in this approach, the effective weak Hamiltonian is written as
where the operators O i read as
Thus, the factorized amplitude of the process B − → X(3823)K − can be expressed as 
. To obtain the value of BR(B − → X(3823)K − ), we consider the theoretical partial widths of X(3823) decaying into χ c1 γ, χ c2 γ, ggg, and J/ψππ which are given by Γ(X(3823) → χ c1 γ) = 215 keV [21] , Γ(X(3823) → χ c2 γ) = 59 keV [21] , Γ(X(3823) → ggg) = 36 keV [20] and Γ(X(3823) → Jψππ) ≃ 160 keV [24] , respectively. Summing up all the above partial widths, we can roughly estimate the total decay width of X(3823) to be 470 keV, with which we get BR(X(3823) → χ c1 γ) = 46%. Then, we can extract
where the error comes from the combined branching fraction of the Belle measurement. It shows that there exists a nonzero contribution to the B − → X(3823)K − decay.
To understand the discrepancy between the experimental data and theoretical estimate from the naive factorization approach, we study B − → X(3823)K − by introducing the rescattering mechanism, which was proposed in Ref. [ to test whether the extracted branching ratio given by Eq. (3) can be understood under the rescattering mechanism. In order to calculate these triangle diagrams at hadron level, we need to introduce the effective Lagrangians corresponding to each interaction vertex. As for the weak vertex
s , we also assume the naive factorization of the amplitude. Neglecting the small contributions from the operators O 3 ∼ O 10 in Eq. (1), the transition matrix element can be factorized as
where a 1 = c 1 + c 2 /N c . One should notice that this naive factorization for the process
had been shown to be a good approximation in Ref. [26] . The matrix element appearing in Eq. (4) can be simply written in terms of form factors and decay constants.
we use the following matrix elements that contain only one form factor ξ, i.e., Isgur-Wise function [27] :
Using these matrix elements, one further obtains the transition amplitudes:
where m 1 and m 2 are the masses of B − and D ( * )0 , respectively, f 3 is a decay constant of the particle carrying a momentum p 3 , and a 1 = c 1 + c 2 /N c as defined in Eq. (4) .
For the D ( * ) s D ( * ) K interactions, we adopt the effective Lagrangians respecting both the heavy quark symmetry and chiral symmetry. For a heavy-light meson system, there exist heavy quark spin symmetry and heavy quark flavor symmetry [28] in the heavy quark limit m Q → ∞. As a consequence, heavy-light mesons are degenerate and are classified into different multiplets, such as an H doublet (0 − , 1 − ) with quantum number of light degrees of freedom j P ℓ = 1 2 − . The multiplet can be described by an effective hadron field respecting the heavy quark symmetry. For example, the field of an For an H field coupled with an octet chiral multiplet, the effective Lagrangian reads [29] :
where 
where the coupling constants are related to g H as,
The vertexes
s are additionally involved in our calculation, for which we also use the effective Lagrangians respecting the heavy quark symmetry. However, for a charmonium system, the heavy quark flavor symmetry does not hold, where only the heavy quark spin symmetry remains [30] . Thus, charmonia with the same orbital angular momentum L but with different total spin can form a multiplet. In our case, X(3823) belongs to a D-wave multiplet [30, 31] , which is defined by
In the above expression, the fields ψ 3 , ψ 2 , ψ, and η 2 denote the charmonia with quantum numbers J PC = 3 −− , 2 −− , 1 −− and 2 −+ , respectively, where ψ 2 corresponds to the discussed X(3823).
For the coupling of D-wave chamonium multiplet with charmed mesons, their effective Lagrangian reads [24] 
where H Qa is given by Eq. (9), and HQ a is 
where
The Applying the Cutkosky cutting rule [32] , the imaginary parts of the decay amplitudes of B − → X(3823)K − can be obtained, for example, for the amplitude of the diagram Fig. 1 (1a) as
Here m i (i = 1, 2, 3, ...) denotes the mass of the particle carrying momentum p i in Fig. 1 , and ω = v · v ′ . Other amplitudes are given in Appendix. On the other hand, we need also introduce form factors to compensate the off-shell effect of the exchanged D ( * ) (s) in Fig. 1 . The concrete expression of the form factor is [4, 14] 
where the cutoff parameter Λ can be parameterized as
with Λ QCD = 220 MeV. m denotes the mass of the exchanged meson.
The total absorptive part of the amplitude of the process
, with which we can estimate the decay width of the process
Here, p denotes the three-momentum of final states in the center of mass frame of B − meson, and m B is the mass of B meson. In principle, we may include the real part (dispersive part) of the scattering amplitude through the absorptive part:
However, as discussed in Ref.
[14], this real part has large uncertainties that come from a newly introduced cut-off parameter and integration itself. Furthermore, since the mass of the B meson is far from the D meson pair threshold, the imaginary part can largely increase and become dominant in full amplitude. Hence we assume the absorptive part is dominant as in Ref. [14] , and ignore the dispersive part. In order to obtain the results, the values of various parameters should be specified, which include the weak Fermi coupling constant G F = 1.16638 × 10 as an input. The strong coupling constants g H ≃ 0.57 and g X ≃ 1.4 GeV −3/2 are given in Ref. [24] . As for the Isgurwise function, we adopt the form calculated in Ref. [27] :
So far in our calculation the only unknown parameter left is α in Eq. (25) . The rescattering mechanism becomes soft in the case of the B meson decay because of heaviness of B meson mass. Since the rescattering mechanism as a longdistant contribution plays an important role to understand B − → X(3823)K − , we try to reproduce the experimental branching ratio of B − → X(3823)K − shown in Eq. (3) by varying the parameter α to obtain α = 0.70 ± 0.05, where the error comes from Eq. (3). It is obvious that this is not the end of the whole story. This value of α can be applied to study similar processes like the productions of 
with
For the vertex
The For B − → η c2 K − , the corresponding diagrams are the same as those of B − → X(3823)K − , where we only need to make a replacement X(3823) → η c2 in the diagrams shown in Fig. 1 . With the above preparation, the absorptive parts of the amplitudes in the process B − → η c2 K − can be obtained, for example, for the amplitude of the diagram Fig. 1 (1a) as
where m i (i = 1, 2, 3, ...) denotes the mass of the particle carrying momentum p i in Fig. 1 . The rest of the amplitudes are given in Appendix.
The total absorptive part of the amplitude of the process For B − → ψ 3 K − , the relevant diagrams are shown in Fig. 2 . The absorptive parts of the amplitudes of the process B − → ψ 3 K − can be obtained, for example, for the amplitude of the diagram Fig. 2 (1a) as
Note that m i (i = 1, 2, 3, ...) denotes the mass of the particle carrying momentum p i in Fig. 2 . The rest of the amplitudes are given in Appendix.
Other input parameters are the masses of two unobserved charmonia η c2 and ψ 3 , which are given by m η c2 ( 1 D 2 ) = 3.811 GeV and m ψ 3 ( 3 D 3 ) = 3.815 GeV [21] . We vary ±50 MeV to account for the uncertainties of these predicted masses. When taking α = 0.70 ± 0.05, the same value as that for B − → X(3823)K − , we obtain the branching fractions for the processes
where the errors come from the uncertainties of α and the masses of η c2 and ψ 3 . The results are sizable and are the same order of magnitude as B − → X(3823)K − , which means that these two decay channels can be accessible in future experiments.
There are some remarks on our theoretical uncertainties. The uncertainties come from three parts, the lack of real parts of the amplitudes, the weak vertexes and the strong vertexes in loops. As for the real parts of the amplitudes, we assume they are not dominant as in Ref. [14] . ) have already considered in the text. As a whole, we stress that these uncertainties do not influence our main conclusion.
IV. CONCLUSIONS AND DISCUSSION
The rescattering mechanism has been widely applied to the studies involved in hadronic transitions [4] [5] [6] [7] [8] [9] [10] [11] The amplitudes of the process B − → X(3823)K − depicted in the diagrams Fig. 1 (1b) 
